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Spring MRS Meeting 
The annual Materials Research Society (MRS) Spring meeting opened April 17 at its regular 
venue, The San Francisco Marriot Hotel. The spring MRS meeting is now attracting over 
2300 participants, attending over 25 materials symposia, 2200 plus papers and 
11 short courses - quite an organisational feat. 
S ymposia topics range from the 
sublime welding materials to 
new bio-transplant materials, 
to the near atomic fringe of semicon- 
ductor nano-crystals. Some presenta- 
tions were deemed important enough 
to draw the attention of the national 
press such as the Sandia work on 
HTSCs and that on materials for 
ultra-high density media for data 
storage, touted as a $100 bn market. 
Obviously, the diode laser segment of 
this media market is only a very small 
blip. 
Even compound semiconductor in-
terests in Symposium V received 
media attention, supported by a 
MRS press release on blue-green zinc 
selenide lasers. 
Other symposia topics of interest 
were: 
• amorphous silicon technology 
• polymers in medicine and pharmacy 
• frontiers of materials research 
• diamond and SiC - both possible 
competitors to the commercial 
III-V devices for some applications. 
Additionally, the MRS often has a 
Symposium offering papers of interest 
and possible intrigue for the non- 
specialists; this year is no exception. 
Symposium X provided invited pa- 
pers on: 
• order and disorder in semiconduc- 
tors 
• making money using materials 
science 
• polymers for tissue engineering: the 
first steps to organ regeneration 
• materials: the foundat ion of 
a "Tril l ion Dollar Recording 
Industry" 
Equipment manufacturers and ma- 
terials suppliers were represented by 
about 100 companies showing in the 
3-day exhibition, but only a couple 
from the III-V industry. 
However, Symposium V, Visible 
Light Emitting Materials and De- 
vices, including the non-compound 
semiconductor materials, is the main 
topic of this report. 
Following on from the strong 
interest in blue-green emitters re- 
ported at the Florida MOVPE work- 
shop, blue-green diode lasers were 
again a leading topic for papers in 
Symposium V. Why the strong inter- 
est in commercial b ue green lasers for 
the production of higher density 
optical memories? The wavelength of 
a zinc selenide based blue-green laser 
is almost one half of an IR laser now 
in use. 
This would mean that the size of the 
recording spot on the compact disc 
can be halved allowing twice the 
number of dots in a track and the 
use of tracks about half as wide i.e. a 
quadrupling of the volume of data 
could be stored on the same size disc. 
Other potential markets for the II-VI 
blue green solid state emitters include 
undersea communications and full 
colour displays. 
Why are ZnSe semiconductor lasers 
in demand? Because this II-VI mate- 
rials system currently provides the 
only potential ow cost blue, direct 
bandgap, semiconductor laser. Thus, 
their 470nm wavelength emission, 
their small size, their high energy 
conversion efficiencies, the promise 
of being the least expensive devices 
and the close lattice match to the 
readily available substrates, are suffi- 
cient reasons to assure zinc selenide of 
its present first choice status. 
Since the development of ZnSe 
lasers only a couple of years ago, the 
main drawback to fulfilling the com- 
pact disk manufacturers wish list has 
been the short operating lifetimes of 
these lasers (one second or less). Poor 
materials quality such as stacking 
faults, precipitates and low purity 
metalorganic MOCVD precursors 
are some of the reasons given for the 
poor reliability of ZnSe lasers. 
The excitement at the MRS Con- 
ference and the reason for the press 
release on compound semiconductor 
materials was created by the latest 
data reported on II-VI lasers by 
Professor Peter Zory from Florida 
State University. The results stem 
from an on going collaborative effort 
between his laboratory, The 3M 
Company, and Philips. During the 
last eight months their research as 
resulted in a 'US breakthrough in this 
technology, probably putting the US 
players in the lead in a worldwide race 
with Sony'. The active layers of these 
quaternary II-VI lasers are made by 
hetero-epitaxial growth of zinc-mag- 
nesium-sulpho-selenide layers on 
GaAs wafers. In its relatively short 
development time, the lifetime of a 
quaternary II-VI laser has been 
extended from a second or so to over 
one hour, operating in the CW mode. 
Theoretically, at the present rate of 
performance improvement, II-VI 
compound semiconductor lasers, ac- 
ceptable to the CD industry for 
writing (recording information) and 
reading CDs could be available by the 
end of this year. Of the two processes 
the recording step requires the higher 
operating power laser - once it is 
available, all systems will be go! 
Projects to improve the performance 
of these II-VI lasers include homo- 
epitaxy on ZnSe, better barrier layers 
on GaAs and dislocation pinning in 
the substrate material buffer layers. 
As reported from Fort Myers, the 
field of blue-green light emitting 
devices is very active worldwide in 
two materials ystems, because of the 
existence of high market potential. 
III-V researchers in North America 
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and in Japan are very busy working to 
fill these needs. These efforts include 
the II-VI materials and the other wide 
bandgap materials system, gallium 
nitride (GaN).  Both can use 
MOCVD growth process to make 
devices, although MBE layer growth 
has been widely used in the GaN 
materials ystem. 
The development of GaN LEDs is a 
very youthful phenomenon, with the 
optical pumping of aluminium gal- 
lium nitride layers first being reported 
in late 1993. However, this materials 
system is already in the process of 
overtaking silicon carbide as the 
material of choice for the production 
of blue emitting LEDs. Development 
efforts on the GaN, A1GaN, InGaN 
growth processes,  MBE and 
MOCVD, are still proceeding'at  
fast pace in both the USA and Japan 
with MOCVD growth currently being 
preferred. Papers were presented 
claiming the improved eposition of 
GaN on both sapphire and silicon 
carbide substrates, on improved do- 
pant technology, and on the develop- 
ment of dry and wet etch systems 
for GaN. 
Nitride-based blue LEDs are direct 
bandgap devices with more efficient 
light generation than the indirect 
bandgap SiC LEDs and Nichia in 
Japan is depositing GaN alloys on 
sapphire substrates to manufacture 
blue LEDs. But, to date, the average 
lifetime of a GaN blue LED is much 
shorter than those manufactured 
from SiC. From a market view 
point, GaN emitters is also regarded 
as the only competition for the ZnSe 
based II-VI lasers. The 3M company 
recently reported photo-pumping but 
diode lasing action has not been 
reported for the GaN materials 
system. GaN produced blue LEDs 
are quite forgiving from materials 
defect levels standards, but lasers are 
not. Therefore, today's defect levels 
reduced to 10El0 stacking faults per 
square centimetre are presumed to be 
much too high to sustain lasing action 
in GaN alloy layers. 
Papers on two other light emitting 
materials systems were given in 
Symposium V, namely organic LEDs 
(OLEDs) and porous silicon LEDs. 
The main achievements in these light 
emitting systems is also the result of 
quite recent research carried out in 
the nineteen ineties. 
Research interest in organic LEDs 
is widespread. Papers were submitted 
from government laboratories (Los 
Alamos, NRL and Sandia Labora- 
tories), from British, German, Japa- 
nese and US Universities (e.g., 
Cambridge and Sheffield in the UK); 
(Bayreuth and Philipps in Germany); 
Tsukuba in Japan; (Carnegie-Mellon, 
MIT, Princeton, U. of Texas in the 
USA). Several large companies are 
also active in OLED research includ- 
ing Sanyo in Japan and Kodak in the 
USA. Other multi-national compa- 
nies, AT&T Bell Laboratories, Hew- 
lett Packard, IBM, and Xerox 
presented papers on their latest 
results with these materials. Technol- 
ogy improvements for the prepai'ation 
of OLEDs were presented in this 
session. They covered a wide range 
of topics including better metalliza- 
tion, longer device lifetimes, higher 
efficiencies and light output, lower 
turn-on voltages, less sensitivity to 
singlet oxygen and photo-degrada- 
tion, and better electron transport. 
Most of these problems may also 
sound familiar to a III-V LED 
development engineer! 
Silicon-based light emitting devices 
were the topic for the final oral 
session and judging by the singly 
academic sources of the papers, it is 
presumed to be a technology as yet 
only in the research stages. The 
papers presented, covered visible 
light emission from amorphous ili- 
con, porous silicon and nano-crystal- 
line structures in silicon and 
germanium. Light emission from 
these very small dimension particles 
is subject to quantum mechanical 
effects and incidentally is also re- 
ported to be an interesting topic 
from a fundamental physics point 
of view. 
Visible red light emission from these 
'partially oxidised porous silicon 
LEDs' (POPSi LEDs) was reported 
using the novel layer structure (metal 
- porous silicon - crystalline silicon). 
The light is generated by indirect 
bandgap transition electro-lumines- 
cence. The latest research, presented 
by Professor P.M. Fauchet of the 
Rochester Institute of Technology, 
described a stable, deep red electro- 
luminescence, visible in daylight 
which did not deteriorate over the 
100 hour plus operating times, eval- 
uated to date. The light emission from 
the new class of 'POPSicle' LEDs 
(sounds a little sweeter!) should be 
tunable over the infrared to blue 
spectral range. It was suggested the 
PoPSi LED may become a suitable 
alternative for some present applica- 
t ions  for  the convent iona l  
III-V LEDs. 
Visible wavelength electrolumines- 
cence from silicon and germanium 
nano-crystals was also described by 
Professor Y. Kanemitsu from Tsuku- 
ba University. Nano-crystals are 
minute crystalline particles of silicon 
(and also germanium in this work) 
with linear dimensions in the few 
nanometre range. This emission phe- 
nomenon is also an indirect bandgap 
transition and only after surface 
oxidation have the crystals been able 
to produce light (red from silicon and 
yellow from germanium). 
Research in this field (nano-crys- 
tals) has led to the prestigious award 
of "The MRS Outstanding Young 
Investigator for 1995 for leadership in 
materials research." This honour went 
to Professor Paul Alivisatos from the 
Department of Chemistry. University 
of California-Berkeley. 
An alumnus of UC Berkeley. Paul 
started his career at AT&T Bell 
Laboratories working on new ar- 
rested precipitation techniques that 
allowed the first preparation of 
cadmium sulphide and selenide 
nano-crystals with a size variation of 
only a few percent. 
After returning to UC Berkeley as a 
member of staff, Prof. Alivisatos 
gained recognition for his synthesis 
and characterization f semiconduc- 
tor nanocrystals, which are clusters of 
10s to 10,000s of atoms with electrical 
properties intermediate b tween those 
of bulk and molecular materials. 
Nanocrystals may have the crystal- 
line order of bulk materials, but 
exhibit bandgap changes brought 
about by their small size. The unique 
properties of theses clusters can be 
retained after the clusters assemble 
into defined structures. 
The most significant contributions 
relate to phase transitions in nano- 
crystals, nanocrystalline surface char- 
acterization, optical properties of 
nanocrystals, and the incorporation 
of nanocrystals into LEDs. He also 
developed new methods for studying 
photoemission i nanocrystals, pio- 
neered the use for hole-burning 
spectroscopy to obtain the electronic 
spectrum of size-selected nanocrys- 
tals, and incorporated nanocrystals 
into LEDs in which the crystals are 
the active element. 
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